A global profusion of coal provides many countries with opportunities for economic growth. The direction of causality between coal consumption and economic growth is useful for policy making, however, existing empirical evidence have failed to reach a consensus. This paper examined the liaison between coal consumption and economic growth for Pakistan over the period . The endogenous two-break LM unit root test, derived in Lee and Strazicich (2003) , is used to assess the order of integration of the variables and structural breaks in the data series. Application of the autoregressive distributed lag (ARDL) bounds test reveals a cointegrating relationship between real income, real capital stock, labour and coal consumption, and further application of general to specific (GETS), Engle and Granger (EG), Stock Watson's dynamic ordinary least squares (DOLS) and Phillip Hansen's fully modified ordinary least squares (FMOLS) methods show statistical robustness of the estimates. The elasticity with respect to coal consumption is positive and significant. The vector error correction model (VECM) based Granger causality test and innovative accounting procedures (variance decomposition and impulse response functions) are also applied.
INTRODUCTION
The preference for coal still remains in the present day because it is the most dependable and coherent source of energy. The availability of coal in profusion makes it cost effective amongst the remnant fuels. The mounting prices of petroleum and natural gas products has made coal more competitive in the global market and importantly policy makers are now interested on the relationship between coal consumption and economic growth. The impact of coal consumption on economic growth is observed to be directly or indirectly through the use of capital and labour in the production process. The direction of causality between coal consumption and economic growth has four estimable strands. Firstly, if the causal relation is running from coal consumption to economic growth then energy (coal) conservation policies may be harmful for economic growth. Secondly, if the causal relationship is from economic growth to coal consumption then conservation hypothesis postulates that coal consumption is determined by economic growth. To this end, energy conservation policies do not influence economic growth.
Thirdly, the bi-variate causal relation between coal consumption and economic growth implies that energy conservation policies may retard economic growth and also fluctuations in economic growth may distort the consumption of coal. Lastly, it is also plausible to attain no causal relation between coal consumption and economic growth. However, other findings on this relationship are also possible. For instance, Apergis and Payne (2009; asserted that the inefficient and extreme usage of coal has adversely affected economic growth. Similarly, Wolde-Rufael (2010) argued that use of coal is becoming inefficient which seems to contribute more in the growth of carbon dioxide emissions due to flexibility in environmental laws. Further, Hu and Lin (2008) posit that asymmetric tests are necessary to analyse the liaison between coal consumption and economic growth.
Pakistan has received relatively less attention in the energy and growth literature. It is a developing Asian country with a per capita income (GDP) of US$650 in 2008 and its rate of unemployment is estimated to be around 14 percent. 1 The average rate of growth of per capita income from 1971 to 2009 is enormously low (nearly 1 percent). The Pakistan economy has suffered from decades of internal political disputes and economic instabilities. The oil price shocks, devaluations of Pakistani rupee, natural disasters etc. have also created drawbacks to the macroeconomic performance of the economy. Such major events in Pakistan must be associated with structural changes in the domestic economy which should be addressed in the cointegration analysis; the failure to accommodate structural changes could result in attaining biased cointegration results. This article utilises the production function framework to examine the impact of coal consumption on economic growth in Pakistan over the period . Our empirical methodology is based on Pesaran et al.'s (2001) autoregressive distributed lag model (ARDL) as well as Lee and Strazicich's (2003) tests for structural breaks in the data series. Application of vector error correction model (VECM) based Granger causality methods are undertaken to test for causality between the variables. Furthermore, long run estimates are compared with other time series techniques (including London School of Economics Hendry's general to specific (GETS), Stock and Watson's dynamic ordinary least squares (DOLS), Engle and Granger two step method (EG) and Phillip and Hansen's fully modified ordinary least squares (FMOLS)) to identify the consistency of estimates across time series methods.
The outline of this paper is as follows. Section 2 provides details on coal consumption and its relevance in Pakistan. Section 3 reviews a few recent time series works on coal consumption and economic growth. Section 4 presents the model specification and methodology. In Sections 5 and 6, empirical results and conclusions are detailed, respectively.
PAKISTANI CONTEXT
Energy is considered the most important stimulus for economic growth and, consequently, for the development of quality of life in an economy (Kumar, 2011) . Exploration of stable energy supply with environmental conservation policies has become one of the main priorities of energy policy in Pakistan.
2 The acceleration of momentum of economic growth necessitates reliable, uninterrupted and affordable availability of energy resources. Similar to other developing countries, Pakistan is also facing problems to meet rising energy demand. Consequently, prices of electricity, natural gas and oil have been rising. Although Pakistan has abundant reserves of natural gas, these reserves are running down.
Energy demand of Pakistan has been projected to 129 million tonnes (equivalent) of oil in 15 years (Pakistan Economic Survey, 2011) . The country's current and future economic growth partly depends upon the availability and exploration of new energy resources. Recently, energy demand has increased due to increase in per capita income but the supply of energy is considerably low to meet the required demand. To this end, a sustained effort towards exploration and exploitation of new energy resources would be productive. Pakistan uses coal, hydroelectric, natural gas, nuclear and oil sources to meet energy demand.
Pakistan has huge coal reserves especially lignite coal. The estimated coal resources are more than 185 billion tonnes; 175 billion tonnes discovered from Thar coalfields in Sindh province (Pakistan Economic Survey, 2011) . The worth of these coal resources is almost $30 trillion which is 187 times greater than the GDP of Pakistan. Thar coal reserves have the capacity to produce 5,000 MW electricity (for decades) and 100 million barrel of oil (for 800 years) to meet the domestic demand. Pakistan now has the fourth largest and high quality of coal assets in the globe. According to Pakistan Economic Survey (2011), proper use of coal reserves of Tharparkar project can generate 100 MW of electricity. Figure 1 illustrates the average growth rate of coal consumption in Pakistan. From 1970 to 1990 coal consumption growth rate had increased up to nearly 7 percent but fell sharply during the 1990-2000 period. Dramatic increase in coal consumption growth up to around 19 percent was observed in the post 2000 period. This tremendous increase in coal consumption growth raises a useful question: what has contributed to such remarkable growth rate? The answer to some extent is depicted in Figure 2 . Based on Figure 2 ; it could be asserted that Pakistan's production of electricity from coal sources is very trivial. Much of coal is consumed by brick kilns and cement industries. The recent hikes in the price of furnace oil have further boosted the demand for coal in the cement industry. There is no doubt that other industries will also adopt this cost effective strategy in the short to medium term.
Utilization of domestic coal by cement/brick manufacturing plants led the country to save scarce foreign reserves. Following the rise in demand for coal, the government is trying to develop infrastructure i.e. roads, supply of water, communication network, airstrips and railway tracks etc. to improve production of coal with special focus on the Thar coal fields in Sindh. Subsequently, authorities in Sindh has established Thar Coal Energy Board to direct energy policy for generation of electricity from coal sources to meet energy demand in the country. Government is offering incentives to foreign investors to invest in coal production.
Given that coal consumption in Pakistan has been rising over the recent years, it is therefore vital to investigate the relationship between coal consumption and economic Years 2 0 0 6 -2 0 0 9 2 0 0 1 -2 0 0 5 1 9 9 6 -2 0 0 0 1 9 9 1 -1 9 9 5 1 9 8 6 -1 9 9 0 1 9 8 1 -1 9 8 5 1 9 7 6 -1 9 8 0 1 9 7 0 -1 9 7 5 growth. The coal consumption-growth analysis would be useful to policy makers to formulate feasible energy policy that meets the rising demand and sustains the rate of economic growth in Pakistan.
The case of other developing countries
There are several empirical studies that have examined the relationship between coal consumption and economic growth for developing countries and yet there seems to be no consensus regarding the direction of causality between these two variables. For instance, Wolde-Rufael (2004) found uni-directional causality running from coal consumption to economic growth for Shanghai as did Fatai et al. (2004) for India and Indonesia and Wolde-Rufael (2010) for India. However, some empirical studies found uni-directional causality running from economic growth to coal consumption, for instance see Yang (2010a) for Taiwan, Jinke et al. (2008; 2009) and Liu et al. (2009) for China and Wolde-Rufael (2010) for China and Korea. Further, bi-directional causality between coal consumption and economic growth was attained by Yang (2000b) , Lee and Chang (2005) and Hu and Lin (2008) for Taiwan, Fatai et al. (2004) for Philippines and Thailand, Yoo (2006) for Korea, Zhang and Li (2007) and Yuan et al. (2008) for China and Wolde-Rufael (2010) for South Africa. On the contrary, it is also observed that there is no causality between the two variables, for instance see Sari and Soytas (2004) for Turkey, Jinke et al. (2008) for India, South Korea and South Africa, Zahid (2008) for India, Bangladesh, Nepal and Sri Lanka, Ziramba (2009) for South Africa, and Jinke et al. (2009) for India and South Africa. For more details of these studies in relation to their sample periods, methodology, variables and cointegration results see Table 1 .
The case of advanced OECD countries
Time series studies on coal consumption and economic growth in the advanced OECD countries are not many; see Sari and Soytas (2004) , Fatai et al. (2004) , Ewing et al. (2007) , Sari et al. (2008) , Payne (2011 ), Jinke et al. (2009 ), Wolde-Rufael (2010 and Gurgul and Lach (2011) . Using the generalized forecast error variance decomposition analysis, Sari and Soytas (2004) found that coal consumption explains up to 8% of the forecast error variance in real GDP for Turkey. Fatai et al. (2004) fails to find any causal relationship between coal consumption and economic growth for Australia and New Zealand. Ewing et al. (2007) asserted that coal consumption explains up to 10% of the forecast error variance of industrial production in the USA. Sari et al. (2008) , Payne (2011) and Wolde-Rufael (2010) did investigate the causality relationship between coal consumption and economic growth for the USA. Sari et al. (2008) provide evidence of unidirectional causality from coal consumption to industrial production while WoldeRufael (2010) found support for bidirectional causality between coal consumption and economic growth. In contrast, Payne (2011) found that there exists no causal relationship between coal consumption and economic growth. Recently, Gurgul and Lach (2011) examine the direction of causality between coal consumption and economic growth for Poland to find unidirectional causality running from economic growth to all indicators of coal consumption such as hard coal, lignite coal and total coal consumption.
Empirical issues
Two important points must be stressed pertaining to the empirical studies on coal consumption and economic growth. First, country specific time series studies on this subject are limited for some developing countries, for instance, only two studies (Zahid, 2008; Khan and Ahmed, 2009 ) exist for Pakistan. Second, most studies use standard time Table 1 . series methods but fail to consider structural changes in the data series. For example, economic reforms, political disputes, natural disasters, oil price shocks, financial crises etc. must be associated with structural changes in the Pakistan economy. The failure to accommodate structural changes could result in misleading results. Therefore, in this study, we utilise a production function framework to analyse the impact of coal consumption on economic growth in Pakistan over the period . The structural breaks in the data series are examined with the Lee and Strazicich (2003) method.
SPECIFICATION AND METHODOLOGY 4.1. Specification and data
Recently, many empirical studies use the production function framework to analyse the relationship between energy consumption and economic growth (for example see Stern, 2000; Ghali and El-Sakka, 2004; Beaudreau, 2005; Sari and Soytas, 2007; Lee and Chiang, 2008; Yuan et al., 2008; Wolde-Rufael, 2008) . Following these empirical studies, we utilise the conventional neo-classical production model where labour, capital and coal consumption are treated as separate factor inputs.
(1)
Where Y is real GDP, K is real capital stock, L is employment and CO is coal consumption. 4 The log linear specification of the above is as follows:
The iid error term is denoted by ε. The elasticity of capital stock, employment and coal consumption are denoted by β 1 , β 2 , and β 3 , respectively. We used annual data for Pakistan for the period 1971 to 2009. Data was obtained from the Economic Survey of Pakistan (2009-10) and the World Development Indicators (2010). The following three sections discusses the main methods used in this paper i.e. Lee and Strazicich (2003) unit root test, ARDL bounds test and VECM Granger causality test. To check consistency of the results, we apply DOLS, GETS, EG and FMOLS; however we do not detail these methods here but descriptions of these could be obtained from Kumar et al. (2012a; 2012b) . Lee and Strazicich (2003) proposed LM unit root tests that allows for two structural breaks. The two breaks in the LM unit root tests are endogenously determined and can be explained using two models viz., model A and model C. These models are based on alternative assumptions about structural breaks, for instance model A allows for
Lee and strazicich (2003) tests
two shifts in the intercept and model C includes two shifts in the intercept and trend. Models A and C with structural breaks are specified as follows:
Model C:
The break date is denoted by T Bj . The null and alternative hypothesis of models A and C, respectively, are given by equations (5) and (6) as follows:
The stationary error terms are represented by v 1t and v 2t . The LM unit root test statistic is attained by estimating the following regression:
Where the regression of ∆y t provides estimates of δ − ; Ψ − x = y 1 − Z t δ − and the first observations of y t and Z t are y 1 and Z 1 , respectively. The LM test statistics are given by τ − which is the test statistic for testing the unit root null hypothesis that φ = 0. The optimal lag length is selected by observing the significance of the t-statistic on the last lag. Initially, we allocated a maximum lag length of 8 periods. The break dates are determined where the LM test statistic is the minimum. Note that Lee and Strazicich (2004; 2003) have tabulated the critical values for this test.
ARDL tests
We utilise the ARDL bounds testing approach to examine the relationship between coal consumption and economic growth. 5 The ARDL approach entails estimation of the following unrestricted error correction models: Where ln is the natural log and ∆ is the first difference operator. As stated in Pesaran et al. (2001) , the ARDL procedure includes two steps. First, tests for cointegration between the variables are performed. The F tests are employed to test for the existence of cointegrating relationships. In case where a long run relationship is attained, the F test dictates which variable should be normalized. Explicitly, the null hypothesis of no cointegration amongst the variables in equation (8) is (H 0 : σ 1Y = σ 2Y = σ 3Y = σ 4Y = 0) tested against its alternative hypothesis (H 1 : CO) . Similarly, in equation (9) where K is the dependent variable, the null hypothesis of no cointegration is (H 0 :
However, in equations 10 and 11 the null hypotheses of no cointegration among the Pesaran and Pesaran (1997) have reported two sets of critical values (CVs) where one set is calculated assuming that all variables included in the ARDL model are I(1) and the other is estimated assuming the variables are I(0). If the computed F values fall outside the inclusive band, a conclusive decision could be drawn without knowing the order of integration of the variables. Secondly, a further two-step procedure to estimate the model is performed. In the first step of the second stage, the Akaike Information Criteria (AIC) or the Schwarz Bayesian Criteria (SBC) can be used to determine the orders of the lags in the ARDL model. The second step entails estimating the long run coefficients and the error correction model (ECM) of the chosen ARDL model.
VECM granger causality
The existence of cointegration implies Granger causality though it does not indicate the direction of causality. To facilitate an analysis of the direction of causality the Johansen's VECM method is employed to assess the causality direction. This requires estimating the following models: Where the lagged error correction term derived from the long run cointegrating relationship is represented by ECT t−1 . The serially independent random errors are ε 1t , ε 2t , ε 3t and ε 4t which have zero means and finite covariance matrices. The optimal lag lengths are selected using the SBC criterion. The results for causality tests are obtained by regressing the respective dependent variables against past values of the dependent variable and other variables. Note that the VECM provides results not only for long run causality but also for short run causality depending upon the significance of the coefficients of the ECTs and the lagged terms of the independent variables.
EMPIRICAL RESULTS

Lee and Strazicich (2003) tests
The ARDL technique does not entail testing the integration properties of the variables; nevertheless, we applied the endogenous two break minimum LM unit root tests proposed by Lee and Strazicich (2003) to ensure robustness of our results. Table 2 Presents the LM unit root tests based on models A (two breaks in the intercept) and C (two breaks in the intercept and trend). The test statistics of the LM unit root tests for the four variables (real income, real capital stock, labour and coal consumption) do not exceed the critical values in absolute terms and therefore the unit root null cannot be rejected at 5% level. These results confirm that the variables are I(1).
The t-statistics for break dates are not reported, however, they are significant at conventional levels. Both models provide fairly consistent break dates. For instance, since 2000 Pakistan implemented a number of economic reforms and also experienced political turmoil and destructive natural disasters. Further, break dates in the mid 1980s and late 1990s are also reasonable because Pakistan deregulated its financial market during the 1980s and later in 1990s the Asian financial crises reduced economic activity. Figure 3 also confirms that real income, real capital stock, labour and coal consumption are non-stationary in levels.
Cointegration tests
The ARDL technique is applied to test for cointegration between the variables in equations (8) to (11). This determines whether a long run relationship exists between real income, real capital stock, labour and coal consumption. The optimal lag order is selected following the minimum values of both AIC and SBC criterion; see Pesaran and Pesaran Strazicich (2004 and 2003) . These results were estimated in RATS 7.2.
(1997). Both the tests indicated a lag length of 2. The existence of a cointegrating relationship between the variables is tested with the F test. First, when Y is the dependent variable, the computed F statistic (6.236) is greater than the upper bound of the 95 percent critical value (4.378) resulting in the rejection of the null hypothesis of no cointegration. However, when K, L, CO are selected as endogenous variables, the computed F statistics (3.004, 1.258, and 2.064, respectively) are lower than the critical value (4.378) thus failing to reject the null hypothesis of no cointegration. Explicitly, these results imply there is a long run relationship when real income is the dependent variable and real capital, labour and coal consumption are the explanatory variables.
Long-and short-run estimates
The ARDL, GETS, DOLS, EG and FMOLS cointegrating equations are reported in Table 3 . 6 The five estimation techniques provided consistent estimates and reveal that coal consumption is positively linked with real income in Pakistan over this time period. The crucial coefficients viz. lnK, lnL and lnCO are statistically significant at 5% level. The estimates of coal consumption imply that 1% increase in coal consumption leads to an increase in real income of between 0.11% to 0.13%. The impact of capital and labour on real income is also positive and statistically significant at 5% level. The capital share of output is between 0.32 to 0.36 and not significantly different from its stylised value of one third. The labour share of output is also reasonable (between 0.70 to 0.76). We did include the trend term in all cointegrating equations but the ARDL and DOLS techniques produced implausible estimates (large magnitudes for capital share and most estimates were statistically insignificant); therefore it was reasonable to ignore the trend term in these two cases. However, the trend term is statistically significant in the GETS, EG and FMOLS regressions.
Our implied long run estimates are comparable to Yuan et al. (2008) for China. However, our results are in contrast to those provided by Apergis and Payne (2009; where they utilised panel data estimation methods and found significant negative impact of coal consumption on economic growth for OECD countries and emerging market economies.
The short run results are reported in Table 4 . 7 It is observed that coal consumption has a significant positive impact on economic growth in the short run. Similar inferences could also be drawn for capital and labour on economic growth. Importantly, the estimate of the lagged error term (ECT t−1 ) has the expected negative sign and is significant at 5% level. This corroborates the established long run relationship among the variables. The ECT t−1 serves as the negative feedback mechanism and implies that departures from equilibrium in the previous period are reduced by about 20% in the subsequent period. The adjusted R 2 is reasonable and the diagnostic tests imply that there is no serial correlation, functional form misspecification, non-normality and heteroscedasticity in the residuals. Further, the stability tests of cumulative sum (CUSUM) and cumulative sum of squares (CUSUMSQ) have also been used to investigate the stability of long run and short run parameters. To this end, the CUSUM and CUSUMSQ tests revealed that our selected ARDL model is stable. Absolute t-statistics are reported in parenthesis underneath the estimates. Significance at 5% and 10% levels are denoted by * and **. These results were estimated in Eviews 7.0.
VECM granger causality tests
The Granger causality tests highlight the direction of causality among the variables viz., income, capital, labour and coal consumption. This is useful for policy makers to formulate appropriate policies related to energy and development. We utilised the VECM based Granger causality tests for both short run and long run situations. Before we apply the VECM Granger causality tests, it is important to establish the cointegration between the variables using Johansen and Juselius (1990) technique. The optimum lag lengths of the VARs were tested with a 4th order model. The AIC and SBC criteria indicated lag length of the VAR as 3 periods; AIC and SBC reached a maximum of 61.735 and 46.601 for the third order, respectively. To test for cointegration among the variables, we used unrestricted intercept and restricted trend option in Microfit 5.0. The maximal eigenvalue and trace test statistics for the null hypothesis that there is no cointegration are 40.499 and 49.457, respectively. The 95% critical values, respectively, are 21.120 and 31.540. For the null hypothesis that there is one cointegrating vector, the corresponding computed values, with the critical values in parentheses are 7.839 (14.880) and 8.957 (17.860), respectively. Therefore, the null hypothesis that there is no cointegration is rejected but the null hypothesis that the number of cointegrating vectors is one is not rejected. Next, we proceed to test for Granger causality with this method. The long run causality among the variables is indicated by the significance of the estimate of one period lagged error correction term (ECT t−1 ). The joint significance LR test of the lagged explanatory variables signifies the short run causality. The results are reported in Table 5 . In the short run, capital, labour and coal consumption are statistically significant at the 5% level in the income equation. However, all estimates are insignificant when the coal consumption, capital and labour are dependent variables, except income in coal consumption equation. These results imply bi-directional Granger causality between income and coal consumption in the short run. Moreover, there is uni-directional causality in the short run from capital and labour, respectively to income. In contrast, the long run results of the Granger causality test imply that capital, labour and coal consumption Granger causes income in the long run. Note that the estimate of ECT t−1 is significant at the 5% level with the expected negative sign only in the income equation. These findings are comparable to Masih and Masih (1996) for Pakistan, Lee and Chang (2005) for Taiwan and Yuan et al. (2008) for China. However, Zahid (2008) found that uni-directional causality exists from coal consumption to economic growth for Pakistan, which seems to contrast with our findings.
Variance decomposition and impulse response functions
The Granger causality tests do not seem to determine the relative strength of the causality effects beyond the selected time span (Wolde-Rufael, 2010 ). In such circumstances, causality tests are unable to indicate how much feedback exists from one variable to another. It is well known that variance decomposition analysis is usually applied to investigate the response of the dependent variable due to shocks stemming in the independent variables. The impulse response functions explain how much of the predicted error variance for a variable is described by innovations generated throughout each independent variable in the system over various timehorizons. Eviews 7.0 was used to derive these results.
The results for variance decomposition analysis are not reported but briefly discussed here. 9 We found that coal consumption is explained dominantly by its own innovative shocks i.e. nearly 81% while income, capital and labour explain coal consumption through their innovative shocks by around 10%, 5% and 4%, respectively. This indicates that income compared to labour and capital explains the majority of coal consumption by its innovative shocks. Income is explained by around 65% (15%) of its own innovative (coal consumption) shocks. These results imply that there exists a bi-directional causal relationship between income and coal consumption. 
The substantial portion of capital is explained by its own innovative shocks (nearly 67%) while 12% is explained by coal consumption. Labour and income explain capital by around 10%, respectively. Moreover, the portion of labour explained by its own innovative shocks is around 71% while capital and income contribute, respectively, about 7% and 5%. It seems that there is a uni-directional causality running from coal consumption to labour because nearly 17% portion of labour is being explained by coal consumption. Figure 4 displays the impulse response functions. It shows how long and to what extent the dependent variable reacts due to shocks in the independent variable. The results show a positive response of income to shocks in coal consumption over a 20 period time horizon. Income responds inversely due to shocks of capital and labour over the period. The shocks of income positively affect coal consumption. This implies a bi-directional causal relationship between income and coal consumption because both variables respond positively to each other. There is also an inverse response of coal consumption due to shocks in capital and labour. The innovative shocks in income and coal consumption influence capital positively while labour has an inverse impact. Finally, the response of labour is negative due to shocks in income, coal consumption and capital. 
CONCLUSIONS 6.1. Summary of findings
In this study, we examined the relationship between coal consumption and economic growth for Pakistan within a production function framework. The endogenous two break minimum LM unit root tests indicated that the level variables are non-stationary and provide fairly consistent break dates that highlight structural changes in this economy in early 2000s, late 1990s and mid 1980s. These break dates may signify a number of events related to the Pakistan economy, for instance, economic reforms, Asian financial crises, destructive natural disasters, political instabilities etc. The ARDL bounds test technique was utilised to test for cointegration among the variables and to estimate the cointegrating equations. These results suggest there is a cointegrating relationship between real income, real capital stock, labour and coal consumption. To confirm the robustness of the results, we also used GETS, EG, DOLS and FMOLS techniques. All five methods of estimation provided consistent results regarding the impact of coal consumption on economic growth with coal consumption elasticities ranging between 0.11 to 0.13. This implies that a 1% increase in coal consumption leads to around 0.11-0.13% increase in the income. The elasticity with respect to capital and labour are also reasonable and close to their stylised values of one third and two third, respectively.
Further, the VECM based Granger causality tests were used to confirm the causality direction between the variables. We find that in the short run there exists bi-directional causality between income and coal consumption and uni-directional causality from capital and labour to income. However, the long run Granger causality tests reveal that capital, labour and coal consumption Granger causes income in the long run. One of the main findings we achieved from the variance decomposition analysis and impulse response functions is the existence of bi-directional causality relationship between income and coal consumption.
Policy implications
Although coal use is a major contributor to global warming it is still an important source of energy. In the case of Pakistan, we found a positive relationship between coal consumption and economic growth and it is therefore vital for the government to stimulate coal mining. Perhaps the government can attract potential investors by providing tax concessions and special credit lines. It is also important that there are appropriate regulatory safeguards for safety and health in mining coal as well as protection for sensitive ecological areas such as Kirthar National Park. Coal is abundant in Baluchistan and parts of Sindh and widely utilised in the construction industry (for example, brick and cement). If the quality of the deposits is improved, it could also contribute significantly to the production of electricity.
Our results reveal that coal consumption Granger causes economic growth which implies that energy conservation policies lower economic growth. In this regard, the government should utilize existing resources of coal. At the same time, coal should be used properly via employing environment friendly technology and it is vital to explore new sources of coal that are safe, clean and inexpensive. To this end, cleaner and more efficient technology would condense energy emissions and help sustain economic growth and development. The possibility of adopting the green mining system could result in efficient coal use and hence less environmental degradation. Given that Pakistan has the fourth largest coal reserve in the world, adoption of the appropriate technology to convert coal into natural gas would be valuable; this could be an effective strategy to limit carbon dioxide emissions.
Pakistan could turn its coal resources into low-polluting liquid fuel by adopting the Fischer-Tropsch technology. For example, Germans used this strategy to meet their energy demand after the petroleum crisis in the 1920s. Moreover, many firms in the states of Pennsylvania and Montana are engaged in converting coal into low-polluting liquid. Since Pakistan spends a huge amount of foreign reserves on oil imports to meet the rising demand for energy, adopting the Fischer-Tropsch technology would be a cost effective strategy.
Future research
This study by no means settles the concerns surrounding the use of coal in relation to its impact on economic growth and the environment. Future research can be pursued along several avenues. First, the incorporation of carbon dioxide emissions within the modeling of the coal consumption-growth nexus may provide further insights on the environmental consequences of coal usage. Secondly, the examination of the coal consumption-growth relationship within a non-linear framework could be informative; for instance threshold cointegration analysis of coal-consumption and growth as suggested by Hu and Lin (2008) . Thirdly, future empirical analysis could allow for structural breaks in the cointegrating equation of coal consumption; for example see Hansen (1996a and 1996b) .
